Aplastic Anemia Aplastic anemia is usually treated with immunosuppression or allogeneic transplant, depending on patient and disease characteristics. Syngeneic transplant offers a rare treatment opportunity with minimal transplant-related mortality, and offers an insight into disease mechanisms. We present here a retrospective analysis of all syngeneic transplants for aplastic anemia reported to the European Group for Blood and Marrow Transplantation. Between 1976 and 2009, 88 patients received 113 transplants. Most transplants (n=85) were preceded by a conditioning regimen, 22 of these including anti-thymocyte globulin. About half of transplants with data available (39 of 86) were followed by posttransplant immunosuppression. Graft source was bone marrow in the majority of cases (n=77). Transplant practice changed over time with more transplants with conditioning and anti-thymocyte globulin as well as peripheral blood stem cells performed in later years. Ten year overall survival was 93% with 5 transplant-related deaths. Graft failure occurred in 32% of transplants. Risk of graft failure was significantly increased in transplants without conditioning, and with bone marrow as graft source. Lack of posttransplant immunosuppression also showed a trend towards increased risk of graft failure, while anti-thymocyte globulin did not have an influence. In summary, syngeneic transplant is associated with a significant risk of graft failure when no conditioning is given, but has an excellent long-term outcome. Furthermore, our comparatively large series enables us to recommend the use of pre-transplant conditioning rather than not and possibly to prefer peripheral blood as a stem cell source. 
Introduction
Aplastic anemia (AA) is a rare and life threatening disease for which treatment has greatly improved over the past decades. While response to immunosuppressive treatment has implied autoimmune causes, a stem cell defect might also play a role. 1 More recently, defects in telomerase repair genes have been linked to acquired aplastic anemia. 2 Current therapeutic standards for AA include immunosuppressive treatment and allogeneic transplant, depending on disease severity, patient age and donor availability. [3] [4] [5] [6] In the uncommon case of an identical twin, syngeneic transplant offers a rare therapeutic opportunity with significantly reduced treatment-related mortality. Furthermore, syngeneic transplantation has been performed with or without conditioning and with or without graft-versus-host disease (GvHD) prophylaxis, offering an insight into pathophysiology.
Along with numerous case reports, the largest series of syngeneic transplants in aplastic anemia reported on 37 and 40 patients, respectively, and were published over a decade ago. 7, 8 Here, we present an analysis of all syngeneic transplants performed for aplastic anemia reported to the European Group for Blood and Marrow Transplantation (EBMT) registry.
Methods

Study design
This study was conducted on behalf of the Severe Aplastic Anemia and Pediatric Diseases Working Parties of the EBMT. All EBMT centers report a minimal essential data set into a central database (MED-A Forms). After identification of eligible patients, missing information was requested from the individual centers. Informed consent was obtained locally according to the regulations applicable at the time of transplantation. Since January 1st 2003, the EBMT has required centers to confirm that written informed consent has been obtained prior to data collection. The EBMT is a collaborative group representing more than 500 transplantation centers in Europe.
Definitions
Severity at diagnosis was classified according to standard criteria.
3 Donor/recipient pairs were assumed to be syngeneic when reported as such by the transplant centers, and date of birth and sex were identical. For the purpose of this analysis, primary or secondary graft loss, reports of disease relapse as well as patients requiring a second transplant were classified as graft failure. Time to graft failure was defined as time between transplant and date of graft failure if provided, or date of subsequent transplant if the exact date of graft failure was not available. Only syngeneic transplants were included in the analysis. Selected patients received subsequent transplants from non-syngeneic donors after graft failure; these transplants were not included in the analysis and these patients were censored at the time of non-syngeneic transplant. Overall survival was defined as time from first transplantation until death. Transplant-related mortality was defined as death not related to relapse or graft failure.
Statistical analysis
Transplant characteristics were compared using Pearson's χ 2 test for categorical variables and MannWhitney U-test for continuous variables. Overall survival was estimated with the Kaplan-Meier method, while incidence of graft failure was calculated using the cumulative incidence method. The log rank test and Gray's test were used to compare among groups. Multivariable analysis was conducted using Cox models and stratified for transplant number. All covariates considered were forced into the model.
Results
Patients' characteristics
Between 1976 and 2009, 88 patients undergoing 113 syngeneic transplants were reported to the EBMT. Second, third and fourth syngeneic transplants were all performed with the same donor as the first. Median year of transplant was 1997. Median age at transplant was 21 years, with 33 patients being under 18 years of age at the time of transplant. Patient and transplant characteristics are shown in Tables 1 and 2 .
Conditioning and posttransplant immunosuppression
Of the 88 patients, 65 received pre-transplant conditioning at first transplant whereas 18 did not (no information on 5 patients); including subsequent transplants, 85 transplants were preceded by conditioning. Information on type of conditioning was available in 71 patients; of these all but 5 received a cyclophosphamide-based regimen. Anti-thymocyte globulin (ATG) was given in 22 of 78 transplants, with data missing in 35. Thirty-nine patients received immunosuppressive treatment posttransplant while 47 did not; there were no data for the remaining 27 patients.
Transplant characteristics changed over time with 66% of transplants up to 1997 having been performed with conditioning, 96% with bone marrow, and 2% including ATG, versus 84% (P=0.013), 40% (P<0.001), and 37% (P<0.001), respectively, for transplants after 1997. No difference was seen for the administration of posttransplant immunosuppression.
Neutrophil engraftment
In the 74 transplants with data available, neutrophil Syngeneic transplantation in aplastic anemia haematologica | 2013; 98 (11) 1805 
Survival
With a median follow up of survivors of 7.28 years, the Kaplan-Meier estimate of 10-year (y) overall survival was 93% (Figure 1 ). Seven deaths occurred: 5 due to transplant-related mortality (3 after transplants with conditioning, 2 after transplants with no information on conditioning); and 2 of unknown causes. Causes of transplant-related mortality were: bleeding (n=1), infection (n=2), cardiac toxicity (n=1) and myelodysplastic syndrome (n=1). In total, 2 cases of secondary myelodysplastic syndrome were reported 7 and 16 months after transplant, both patients had received conditioning. Figure 2 shows the outcome of transplants with and without conditioning. In transplants for which information on conditioning was missing (n=6), there were 2 cases of stable engraftment, 2 cases of graft failure, and 2 early deaths. Graft failure occurred in 36 of 113 (32%) transplants after a median of 332 days (range 22-3814). Graft failure occurred significantly more often after transplants without conditioning versus those with conditioning with 14 of 22 (64%) and 20 of 85 (24%), respectively (P<0.001).
Graft failure
Looking at the risk of graft failure after first transplant over time, the cumulative incidence (CI) at 3 years was 72% for transplants without conditioning versus 19% for those with conditioning (P<0.001) ( Figure 3A) . A further significant risk factor for transplant failure was graft source with a 3-year incidence of 37% versus 16% for bone marrow and PBSC, respectively (P=0.027) ( Figure  3B ). There was a trend towards increased risk of graft failure in transplants without posttransplant immunosuppression (3-year CI of 25% with and 42% without; P=0.282) (Figure 3C ), while having received ATG in addition to conditioning had no influence (3-year CI of 30% and 27% with and without ATG, respectively, including only transplants with conditioning in the analysis; P=0.972) ( Figure 3D ). Further factors analyzed that had no impact on the risk of graft failure were age of the patient (below or above median), year of transplant (below or haematologica | 2013; 98(11) In a multivariate analysis of all transplants with stratification for transplant number including conditioning, posttransplant immunosuppression, graft source and year of transplant, only lack of conditioning retained a statistically significant influence on the risk of graft failure (HR 4.16; 95% confidence interval 1.88-9.20; P<0.001) ( Table 3) . However, there was also a trend for increased risk of graft failure with bone marrow versus PBSC, as well as in transplants without posttransplant immunosuppression.
Overall survival was not influenced by conditioning, graft source or posttransplant immunosuppression (data not shown).
Discussion
Here we describe a large cohort of syngeneic transplantation in aplastic anemia. Main findings include an excellent overall survival, as well as an increased risk of graft failure when transplanting without pre-transplant conditioning and with bone marrow as a stem cell source, and a trend towards improved engraftment with posttransplant immunosuppression. Factors without influence on risk of graft failure included ATG in patients with conditioning, as well as time from diagnosis to transplant, which could cautiously be interpreted as a potential surrogate marker for lack of influence of treatment before transplant or number of transfusions.
Numerous case reports have previously described patients who rejected a syngeneic graft without conditioning and engrafted successfully after a second transplant preceded by conditioning. [9] [10] [11] [12] This finding was also confirmed in the CIBMTR cohort study of Hinterberger et al. in which all 13 patients who had received conditioning and survived more than 30 days had stable engraftment, while only 12 of 23 transplants without conditioning engrafted successfully. 7 A significant proportion of retransplant after syngeneic transplant (38%) was also Syngeneic transplantation in aplastic anemia haematologica | 2013; 98(11) ; however, no data on conditioning was provided. 8 In both of these series, all patients received bone marrow as graft source. This has been associated with an increased risk of graft rejection compared to peripheral blood stem cells, especially following non-myeloablative conditioning. [13] [14] [15] However in our cohort, while bone marrow had a significant influence on the risk of graft failure in univariate analysis, peripheral stem cells could not overcome the significant risk of graft failure in transplants without conditioning, even when posttransplant immunosuppression was used. Nevertheless, it is interesting to note that there might be an advantage in using PBSC in syngeneic transplant due to the lack of risk of GvHD and potentially enhanced engraftment, since this is contrary to the current standard of using bone marrow in AA. 16 The pathophysiology of AA has not been fully clarified. It is generally believed to be an autoimmune disease, although some patients may suffer from stem cell failure that is not attributable to a recognized congenital syndrome. In a patient with autoimmune disease, infusion of stem cells without pre-transplant conditioning is expected not to result in stable engraftment, whereas in patients with stem cell failure, conditioning might not be necessary if the donor is syngeneic. This was already inferred from case series several decades ago, where the necessity of conditioning for engraftment in most patients but not in all (as the minority had stable engraftment without pretransplant conditioning) was thought to reflect the autoimmune pathogenesis in the majority of patients, while in a minority of cases the disease might be caused by a non-immune mechanism. This theory is further supported by the observation that the rate of graft failure in transplants without conditioning in our study (64%) and in the CIBMTR report (48%) is in line with the proportion of patients responding to ATG (60-70%). 1 Some might argue that treatment success in selected cases of syngeneic transplant is, in fact, not due to the transplant but is only the result of the immunosuppressive conditioning and posttransplant immunosuppression; as we know, treatment of AA with high-dose cyclophosphamide has been a topic of debate in the past. 17, 18 Though the inability to measure donor chimerism precludes proof of syngeneic engraftment, rapid neutrophil recovery, as well as lack of influence of ATG, are strong surrogate indicators of actual engraftment rather than response to immunosuppressive treatment, which usually occurs after several months. 3 Despite the widespread use of ATG, its role in pre-transplant conditioning is also not clear in the setting of matched sibling transplant, where a randomized study failed to confirm the positive effect on engraftment observed in a retrospective comparison. 19, 20 More recently, mutations in telomerase genes have been discovered in a subset of patients with apparently acquired aplastic anemia. 2, 21 Patients with a mutation often showed no response to immunosuppressive treatment and, in some cases, the same mutation was found in family members with normal blood counts. 22, 23 Fortunately, in our cohort, as well as in Hinterberger's, 7 almost all patients who rejected their first graft reached a complete remission following a second transplant preceded by conditioning, and we found no influence of conditioning on survival.
However, a limited number of patients experienced repeated graft failure, and though we unfortunately lack information on telomere length in the patients and health of the syngeneic donors, selected cases might have been associated with unrecognized telomere gene mutations. Another possible explanation for repeated graft failure despite conditioning could be abnormal stromal microenvironment, as suggested in an earlier case report. 24 A further issue to consider is the fact that 2 patients developed myelodysplastic syndrome posttransplant, highlighting the importance of careful long-term follow up.
Worthy of note is the fact that no information was collected on how syngeneity of donor and recipients was established, or on how inherited bone marrow failure syndromes were excluded, particularly in the significant proportion of patients under 18 years of age. Hence, though we assume that centers took great care in confirming syngeneity and also in ruling out familial syndromes, we cannot completely exclude that selected donor/recipient pairs were not syngeneic or that selected patients suffered from an unidentified inherited syndrome, as discussed above.
Despite the further limitations of our study (its retrospective nature as well as missing data that could not be recovered since many of these transplants were performed over a decade ago), it is remarkable for the fact that it is the largest cohort of syngeneic transplants in aplastic anemia published to date, permitting statistical verification of previous observations. Based on these data we believe that pre-transplant conditioning, and possibly the preference to use peripheral blood as stem cell source, will be useful for successful syngeneic transplantation. Whether posttransplant immunosuppression or ATG are needed is less clear.
In summary, syngeneic transplant is a rare but precious treatment opportunity in aplastic anemia due to the excellent long-term survival and low transplant-related mortality. Moreover, it provides a unique opportunity to gain further insight into this rare disease, and outcome data should continue to be collected and analyzed regularly. 
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